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RESUMEN 


En octubre de 2011 un volcan submarino emergió en los límites de la Reserva Ma- 
rina del Mar de Las Calmas, en el sur de la isla de El Hierro (islas Canarias, España). Du- 
rante seis meses de duración de la erupción, se produjeron importantes alteraciones en la 
columna de agua de la zona, afectando a comunidades pelágicas y bentónicas. Algunas de 
estas alteraciones se normalizaron una vez la erupción cesó, pero otras permanecieron. 
Este estudio presenta el impacto producido por la erupción submarina sobre el coral negro 
Antipathella wollastoni en la zona del infralitoral profundo y el circalitoral superior. Los 
resultados de las campañas de bionomia realizadas hasta los 60 m de profundidad antes y 
después de la erupción muestran una mortalidad masiva del coral negro y un descenso en 
un 81% de su área de distribución. Estos datos representan el impacto más reciente y co- 
nocido del volcán sobre la biota del área circundante. 

Palabras claves: Antipathella wollastoni, volcán submarino, cartografía, comuni- 
dad bentónica, degradación del coral, El Hierro, Islas Canarias. 


ABSTRACT 


In October 2011, a submarine eruption in the south of El Hierro (Canary Islands, 
Spain) led to the emergence of a submarine volcano on the shallow seabed on the outer 
boundary of the Marine Reserve of Mar de Las Calmas (MRMC). During the six months 
of the eruption, significant alterations occurred in the water column, affecting pelagic and 
benthic communities. Some of these alterations returned to baseline levels when the erup- 
tion ceased, but others remain affected. This study presents the impact produced by the 
eruption on the black coral Antipathella wollastoni of the deep infralittoral and upper cir- 


345 


calittoral zone. The results of mapping campaigns to a depth of 60 m before and after the 
eruption show massive mortality of the black coral colonies and a decrease of 81% in its 
distribution area. These data represent the latest known impact of the volcano on the biota 
of the surrounding area. 

Keywords: Antipathella wollastoni, submarine volcano, mapping, benthic com- 
munity, coral degradation, E] Hierro, Canary Islands. 


1. INTRODUCTION 


Antipathella wollastoni (Gray 1857) is one of only five known species of thorny or 
black corals of the genus Antipathella, order Antipatharia. It is a common species in the 
Macaronesian archipelagos (Brito & Ocaña 2004) and is also found in the Ceuta littoral and 
Mediterranean Sea (Ocaña et al., 2007b). This species, like other antipatharians, is a colo- 
nial cnidarian with arborescent appearance and characterized by a spiny, branched skele- 
tal axis. It presents a wide bathymetric range between 15 and 520 m (Brito & Ocaña 2004), 
but in the Canary Islands it is more abundant between 40 and 160 m depth. At these depths, 
the colonies grow on reefs and rocky slopes where they can form dense aggregations or 
black coral beds and are one of the most representative communities of the deep rocky in- 
fralittoral in the Canary Islands (Martin-Garcia, 2013). Like other corals, antipatharians 
represent important habitats for a diverse range of associated organisms including decapods, 
barnacles, bryozoans, echinoderms, caprellids, sponges, hydroids and polychaets, among 
others (Molodtsova & Budaeva 2007). Colonies of the zoantharia Antipathozoanthus mac- 
aronesicus (accepted name of Gerardia macaronesica) (Ocaña et al., 2007a), the recently 
described gastropod Coralliophila kaofitorum (Vega et al., 2002), and the pedunculate bar- 
nacle Oxynaspis celata (Brito & Ocana 2004) are some of the particular species associ- 
ated with black corals in Canarian waters. However, because this species is found below 
the depth limits of conventional scuba diving, very little is known about the basic biology 
and ecology of black corals beds. 

In other regions, black corals are harvested for therapeutic uses and to produce jew- 
elry and art (Tsounis ef al., 2010). This along with corals inadvertently caught in bottom 
trawls (Murillo ef al., 2010) has led to overexploitation of black coral populations in sev- 
eral regions (Wagner 2011). However, these activities, such as being caught during trawl- 
ing, do not occur in the Canarian Region. The only human impacts on black coral in the 
Canarian archipelago are those related to the occupation of habitat or habitat loss by con- 
struction activities in the coastal environment and the occasional coral caught by handlines 
and longlines of the artisanal fishery. These impacts are reduced or null inside the marine 
reserves, and the intensive scuba-diving at authorized dive sites is the only possible impact 
on black coral colonies. 

In 2011, a new volcano emerged inside the Marine Reserve of Punta Restinga-Mar 
de Las Calmas (MRMC) on its outer eastern limit (Fig. 1). The shallow submarine eruption 
started on October 10th, 2011 with more than 12,000 earthquakes and the onset of vol- 
canic tremors (López el al., 2012). The main evidence of the eruption was the discoloration 
of the surface water observed in the area, detectable from space, related to the discharge of 
high temperature hydrothermal fluids as well as magmatic gases, CO,, H,S and metals 
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(Santana-Casiano et al., 2013). Abundant rock fragments were found floating on the ocean 
surface during the first months of the eruption (Santana-Casiano ef al., 2013). The volcano 
was located on a rift with the lava flowing south-westwards at a depth of 350 m below sea 
level, 1.8 km south of El Hierro. In January 2012, the cone had risen to a depth of 130 m, 
and in February it reached its maximum elevation of 88 m below sea level. On March Sth 
2012, local authorities announced the end of the eruption. 

The decrease in oxygen, the acidification, fertilization and deposition of chemicals 
during the eruption affected the entire area southwest and northeast of the island; however, 
this affected area was reduced to 0.5 km around the volcano in the post-eruptive phase 
(Santana-Casiano ef al., 2013). These processes did not just cause significant changes in 
the water column (Fraile-Nuez ef al., 2012) but had drastic consequences on the plank- 
tonic, pelagic and benthic communities of the southwest of the island, even inside the ma- 
rine reserve (Sangil, 2013; Ariza et al., 2014). The University of La Laguna headed the 
studies into the effect of the submarine volcano on benthic communities and detected that 
a few days before the submarine eruption some algae assemblages, such as those dominated 
by Lobophora variegata and coralline species had been drastically reduced and replaced 
by ephemeral algae (Sangil, 2013). These initial studies were carried out by scuba diving 
in 12 locations up to 20 m depth; spread along the southwestern side of the island, inside 
and outside the reserve (Sangil, 2013). However, the methodology employed in these cam- 
paigns did not provide information on the extension of the changes in the communities nor 
the possible impacts of the eruption on deep species or communities. 

The Spanish Institute of Oceanography (IEO) was the institution in charge of the 
main cartographic studies, sampling and video recordings of the volcano with a ROV and 
photogrammetric sled on board the Oceanographic Ship Ramon Margalef. All of the sam- 
ples and recordings were taken a few weeks after the eruption finished. The images showed 
the seabed and the remaining marine life in nine locations between 150 and 480 m depth 
and 6-1 km from the volcanic cone (González-Porto et al., 2012). Therefore, the seabed 
around the volcano between 20 and 150 m has remained unstudied until now. 

This paper describes the changes observed in the black coral communities of the in- 
fralittoral zone in the MRMC before and after the submarine eruption in the south of El Hi- 
erro. The results are based on video sampling to enable us to map and provide information 
on the infralittoral communities up to 60 m. 


2. MATERIAL AND METHODS 


Since the local authorities announced the end of the eruption and allowed scientific 
monitoring in the affected area, between March 2012 and October 2014, visual inspections 
have been conducted in various locations with scuba-diving and video observations with 
a ROV VIDEORAY EXPLORER between 0-60 m. In the latest surveys, we took photo- 
graphs of the black coral colonies with a Nikon D300S Camera. 

For the mapping, two sampling surveys were undertaken in the reserve, one in July 
2010 and recently a second survey in October 2014. The study focused on the infralittoral 
zone to a depth of 60 m, although we took some deeper samples when the weather condi- 
tions permitted it. The sampling process for data collection was consistent with the method 
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described by Barquin-Diez ef al., 2003 using video samples with an underwater TV sys- 
tem. In total, 232 samples were taken inside the MRMC in 2010, 110 samples deeper than 
30 m. In 2014, a further 110 samples and 20 video samples were repeated in the same lo- 
calities that had the presence of black coral in 2010. Later, we used the information about 
the presence and absence of the communities and the software Maxent v3.3.3 (Phillips & 
Dudík, 2008) to create distribution models and distribution maps according to Martín-Gar- 
cía et al., 2013. 


3. RESULTS 


Initial observations by scuba-diving and ROV in three locations with black coral 
habitats provided clear evidence of the significant impact of the eruption on the colonies 
of most of locations visited. They showed the massive mortality of most of the black coral 
colonies and an intensive epibiosis on the dead branches (Fig 1, 2). 

In 2010, a total of 28 video-samples showed dense communities of black coral in 
the MRMC. All of them were located along rocky slopes between 41 and 90 m depth in 
most of the marine reserve. The distribution maps obtained from the samples in July 2010 
from depths of up to 60 m indicated that 4. wollastoni formed dense corals in a continu- 
ous band between 30-60 m depth inside the marine reserve and occupied 9 Ha of the in- 
fralittoral zone (Fig. 1) and 11.3% of the seabed between these depths. The results of this 
study also demonstrated that the community dominated by the brown algae L. variegata and 
red filamentous algae was the most representative in infralittoral zone (Table 1). 

By contrast, in October 2014, eleven of the 20 locations that showed dense forests 
of black coral before the eruption only had dead colonies present that had been overgrown 
by epibionts. Only four locations registered colonies with live polyps of black corals. In 
general these few specimens indicate a possible recovery before the end of the eruption. The 
resulting mapping from the data collected in 2014 shows a black coral distribution area of 
3 Ha (Table 1). This represents a decline of 81% compared to the previous distribution area 


Table 1. The total extension in hectares (Ha) occupied by the main benthic communities mapped 
in 2010 and 2014, and the difference betwecn these cartographies (in hectares and percentage) in 
the MRMC. 


Area (Ha) 
2010 2014 2010-14 % 


Benthic communities 


Lobophora variegata and red filamentous seawecds Sh 159 8.4 5.6 
Maérl 42 42 -0.1 -0.2 
Lophocladia trichoclados and Cotoniella filamentosa 25 26 1.0 o 
Brown garden eel (Heteroconger longissimus) 24 25 ley 7.4 
Sandy bottoms without macroscopic communities 20 IS -4.5 -23.2 
Antipathella wollastoni 8 2 -6.5 -80.9 
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Figure 1. Distribution maps of black coral communities in the MRMC in 2010 and 2014 and loca- 
tions with dead and live corals according to observations and sampling before the volcano eruption. 
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Figure 2. Photographs of black coral at some locations of the MRMC before (a-c) and after (d-f) the 
submarine eruption. 


(Fig. 1). The area lost by corals is now covered by the brown algae L. variegata and red 
filamentous seaweeds, which respond in part to the observed increase in the extension of 
this community of algae (Table 1). This result is contrary to that obtained by Sangil et al. 
(2013), who document an initial regression in the abundance of L. variegata, whereas our 
result indicates a quick recovery of the algae community. 

Other benthic communities have not suffered such severe changes in their distribu- 
tion areas, or they have recovered faster. Soft bottoms, especially when they are not cov- 
ered by benthic algae that can attach to them, have considerable seasonal mobility, which 


is even higher when they are in shallow waters, so the differences observed in the results 
are within the normal range. 
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4. DISCUSSION 


There are various causes of black coral mortality but only a few are the result of nat- 
ural disturbances. The volcano chiefly affected the layer between 75 and 125 m in depth, 
which experienced oxygen depletion to almost anoxic levels, enhanced light attenuation, 
pH decrease, higher concentrations of dissolved metals, among others (Santana-Casiano et 
al., 2013). It is possible that all of these conditions would cause mortality of black coral, 
but there are no studies that have analyzed the effect of these characteristics on the survival 
of this species. However, according to the literature, it is more likely that the intense sed- 
imentation of the submarine eruption has been the main factor that caused the massive 
mortality of black coral in the area, and later a subsequent process of intense epiphytism 
on the branches of dead coral occurred. The numerous pinnules of the branches of A. wol- 
lastoni facilitate retention of sediment, coating and silting polyps preventing feeding and 
respiration. Sedimentation is an important factor that can kill corals (Perez ef al., 2014). 
Suspended sediment also reduces irradiance and negatively affects coral growth (Anthony 
& Connolly, 2004). Olsen & Wood (1980) attributed substantial damage to shallow-water 
populations of Aphanipathes salix and Plumapathes pennacea in the Caribbean Sea to a 
hurricane. Furthermore, in shallow-water, black coral populations (Antipathes fiordensis) 
in the fiords of New Zealand are frequently affected by terrestrial landslides. These land- 
slides produce sediment clouds that settle over benthic organisms such as black corals 
(Jiang et al., 2015). Sedimentation events may limit both black coral abundances as well 
as their upper depth limit (Jiang et al., 2015). 

Elsewhere in the world, there have been cases of massive mortalities of corals but 
for very different reasons like the overgrowth of black corals by epibiotic organisms such 
as sponges and other corals (Kahng & Grigg, 2005, Wagner 2011). Some of these cases of 
invasion are partially attributable to anthropogenic disturbance (Kahng & Grigg, 2005). In 
the Canary Islands, black corals have a great number of epibiotic species, especially hexa- 
corallia Antipathozoanthus macaronesicus (Fig. 2D-F), but epibiota has never been 
recorded as a cause of massive mortality of black coral colonies. Generally, it is a process 
that occurs after the death of hard corals. 

In conclusion, it is essential to monitor benthic communities from the very begin- 
ning of an anomaly and continue over time to estimate the long-term changes. In the case 
of black corals, there are still many knowledge gaps about their biology or ecology that need 
to be covered and Marine Reserves represent the ideal setting for the development of this 
type of work. 
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